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Abstract
Based upon ZelLner and Montimarquette (197J) findings in determining
the problems of temporal aggregation for linear regression analysis,
this study empirically analyzes possible impacts of temporal aggrega-
tion on the specification of market model and the degree of randomness
of beta estimates. Data from both heavily traded and lightly traded
firms are used to do the analyses. It is found that temporal aggrega-
tion has important impacts on both the specification of market model
and stability of beta estimates.
Key Works: temporal aggregation, random coefficient, Beta, long-run
multiplier, short-run multiplier and misspecified model.

A. Introduction
Beta coefficients estimated from the market model are one of the
most important information used in portfolio management and financial
management. In portfolio management, the beta coefficient estimate of
a firm or a portfolio is used to determine the degree of nondiver-
sifiable risk; in financial management, the beta coefficient is one of
the key inputs in estimating the cost of capital. In general, either
daily, weekly, or monthly rates of return are generally used to
estimate the beta coefficient. However, the impacts of temporal aggre-
gation on beta coefficient and market model estimates have not been
carefully analyzed.
The main purpose of this paper is to empirically analyze possible
impacts of temporal aggregation on the specification of market model
and the degree of stability of beta estimates. Data from both heavily
traded and lightly traded firms are used to do the related analyses.
In section B the ordinary least squares (OLS) is used to analyze the
impacts of temporal aggregation on beta estimate for both heavily
traded and lightly traded firms. In section C a dynamic market model
is used to estimate both long-run and short-run multiplier of beta
coefficient. In section D impacts of temporal aggregation on the ran-
domness of beta is used to determine the appropriate horizon should be
used to estimate the beta coefficient. Finally in section E results of
this study are summarized.
3. Model and Beta Estimate
The data analyzed in this study are daily rates of return on twenty-
seven heavily traded stocks and twenty-five lightly traded common
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stocks. For the heavily traded stocks the sample consisted of 1,515
observations from January 3, 1975 to December 31, 1980. The series for
lightly traded stocks contained 1,010 observations for the period
beginning January 3, 1977 and ending December 31, 1980. In order to
obtain firm listings for heavily traded and lightly traded firms, daily
volumes for 2000 firms listed on the General Media tapes were added over
the period 1975 through 1980. The totals were ranked in ascending
order. The top thirty and bottom thirty firms were taken to represent
lightly traded and heavily traded firms, respectively. Returns were
obtained from the CRSP tapes. From the initial group of sixty firms,
those having complete time series for rates of return were chosen. In
order to obtain a reasonable sample for the lightly traded firms the
period of the analysis was shortened by two years relative to the
heavily traded group.
The standard market model (Sharpe, 1963) can be defined as
R. = a. + 3.R + e. (1)
Jt J J mt jt
where
R. = the return on the ith security over time interval t
Jt
R = the return on the value weighted market index over time
mt
•
. -. -interval t
a. = the regression intercept for the jth security
8. = the coefficient of the market rate of return on the jth
security
2
e = the disturbance term with zero expectation and variance a .
Jt eJ
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Equation (1) was estimated using daily, weekly, and monthly data. The
results for the heavily traded and lightly traded firms are shown in
Table 1 and Table 2. The t-ratios are given in parentheses. For the
heavily traded firms, patterns in the magnitudes of the coefficients
themselves are difficult to discern over the periods of aggregation.
However, for nine of the firms the magnitude of the coefficients
decreases as the unit of aggregation increases. In addition, while
all of the coefficients are significant at at least the 5 percent
significance level, the t-values consistently decrease as the unit of
aggregation is increased.
For the lightly traded firms, the magnitude of the coefficients
increases as the time unit of aggregation is increased. This pattern
which, is contrary to that discerned for heavily traded firms, is exhi-
bited for all but three cases (Breeze Corps, GATX Corp, Winn Dixie).
As for the case of heavily traded firms the t-ratios tend to decrease
with increases in time aggregation, however, this pattern is not as
consistent as for the case of heavily traded firms.
C. Long-run and Short-run Multipliers
The long-run and short-run multipliers are computed for the heavily
traded and lightly traded firms using daily, weekly, and monthly data.
In order to compute the multipliers, the following dynamic model is
estimated
R. - a. + B. r + 8._R + e. (2)
Jt j Jl jt-1 j2 mt jt
where the variables and coefficients are as defined in part A. Given
the above specification, the long-run multiplier is given by
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Table 1. Coefficients for the Market Model
Heavily Traded Firms*
DAILY
p
.WEEKLY
p
. MONTHLY
p
FIRM NAME sample size = 1515 sample size = 303 sample size = 68
Allied Chemical 1.260 ([27.046) 1.280 ( 14.764) 1.255 ([7.386)
ALCOA 1.132 (;26.694) 1.157 ( 12.339) 1.076 ([5.890)
American Brands .622 (; 19. 105) .638 ( [ 9.538) .734 ([5.956)
American Can .468 ( ; 15. 581) .574 ( [ 9.506) .535 ([5.077)
ATT .513 (;24.163) .499 ([12.833) .421 ([5.435)
Bethlehem Steel 1.249 <;26.458) 1.125 ( [ 12. 504) 1.203 ([6.315)
DuPont 1.247 (;35.993) 1.184 ([16.792) .968 ([7.172)
Eastman Kodak 1.367 (;33.165) 1.171 ([16.068) 1.073 ([6.909)
Exxon .993 l;35.202) .833 ([15.431) .771 <[6.981)
General Electric 1.135 (;36.043) 1.088 ([19.891) 1.158 ([9.869)
General Foods .644 1; 9.957) .593 ( [ 4.456) .679 <[2.447)
General Motors 1.079 (;30.784) .878 ([11.819) .812 ([6.121)
Goodyear .809 (:20.372) .850 ([11.226) .924 I[6.570)
INCO, Ltd. 1.102 <;21.006) 1.081 <[10.222) .890 1[4.178)
International Harvester 1.044 ([23.888) 1.074 ([11.814) 1.229 <[6.999)
International Paper 1.194 l[29.031) 1.264 <[16.007) 1.186 1[6.949)
Merk 1.045 ([28.449) 1.020 <[14.142) .656 ([4.517)
3M 1.109 <[32.440) 1.103 <[15.631) 1.106 I[7.255)
Owens Illinois .920 [19.438) .826 ([ 9.906) 1.039 <[7.419)
Proctor and Gamble .757 [28.481) .798 l[14.621) .755 ([6.720)
Sears 1.073 [28.634) .873 l[11.943) .898 i[6.928)
Standard Oil, Calif. 1.193 [30.508) 1.169 ([14.227) .867 ([5.549)
Texaco 1.056 [26.223) .907 ([12.112) .829 [6.736)
Union Carbide 1.164 [33.401) 1.013 1[15.545 1.071 1[9.153)
U.S. Steel 1.118 [23.721) .975 [10.295) .926 ([5.105)
Westinghouse 1.464 [26.851) 1.271 1[13.000) 1.504 1[8.027)
Woolworth
*t-ratios are given in parentheses
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Table 2. 3 Coefficients for the Market Model
Lightly Traded Firms*
.DAILY
p
.WEEKLY
p
aMONTHLY
p
FIRM NAME sample size = 1010 sample size = 202 sample siLze = 45
Aro Corp. .448 <: 7.071) .623 <: 4.958) .806 ([3.812)
Barton's Candy Corp. 1.606 <; 16. 972) 1.723 (; 10. 092) 1.887 ([7.071)
Bethlehem Corp. .637 <: 3.705) 1.128 <: 4.162) 2.045 <[3.818)
Breeze Corps. Inc. .758 ( : 5.295) 1.184 <: 4.300) 1.1655<[3.401)
Carriers & General Corp. .417 (; 6.289) .518 ( : 5.131) .614 ([4.624)
Community Public Serv. .177 (; 3.582) .293 ( : 3.179) .311 l[1.857)
Continental Materials 1.290 ( ; 5.892) 1.785 ( ; 4.825) 2.403 ([3.023)
Equifax Inc. .219 ( : 4.363) .406 (: 4.337) .715 ([4.492)
Fidelity Union Bancorp. .224 ( : 5.851) .286 ( : 4.051) .571 <[3.597)
First Conn. Small
Business Investment .085 ( ; 1.029) .018 ( : .122) .606 <[2.866)
First Nat. State Bncorp. .273 ( : 5.490) .358 <: 3.977) .644 I[4.610)
GATX Corp. 1.122 ( ; 19. 082) 1.087 (; 9.668) 1.271 <[6.646)
Great Northern Iron Ore .248 ( ! 3.429) .277 (; 1.960) .371 1[1.282)
Hastings Mfg. Co. .261 ( [ 3.515) .543 ( : 4.707) .606 <[2.824)
Holiday Inns (STK SPLIT A) 1.689 ( ; 19. 366) 1.504 <: 8.861) 2.033 ([7.365)
Indiana Gas .199 ( : 4.763) .320 ( : 3.177) .610 ([4.469)
Jaclyn Inc. .410 ( : 4.193) .437 (; 3.188) .846 ([2.976)
LTV Corp. AA 1.396 ( : 10. 788) 1.564 ( [ 7.430) 2.032 ([5.366)
Lundy Electronics
and Systems .533 ( : 7.545) .669 ( : 4.719) .774 <[3.066)
O'Okiep Copper Ltd. .517 ( : 4.603) .653 <: 2.860) 1.345 ([2.368)
Pacific Tin .222 < : 2.495) .419 ( ; 1.799) .820 ([2.145)
Shopwell Inc. .514 (: 3.630) .663 ( : 2.745) 1.282 <[2.796)
South Jersey Ind. Inc. .306 ( ; 6.485) .522 ( : 5.416) .744 ([3.933)
Weis Markets Inc. .165 < ; 4.336) .284 (; 4.085) .353 ([2.480)
Winn Dixie .291 ( ; 6.414) .258 < ; 3.259) .596 ([3.665)
*t-ratios are given in parentheses
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8
j2/d - Bjl ) (3)
and the short-run multiplier is given by
[V (1 -V Bji <4)
Results for the heavily traded and lightly traded firms are shown in
tables 3 through 6. For heavily traded and lightly traded firms the
mean short-run and long-run multipliers are shown below.
SHORT-RUN LONG-RUN
Firm Type Daily Weekly Monthly Daily Weekly Monthly
Heavily Traded .041 -.033 -.004 1.071 .940 .927
Lightly Traded -.004 -.046 -.014 .578 .670 1.068
For heavily traded firms only the average short-run multiplier computed
using daily data is greater than zero, and for lightly traded firms all
short-run multipliers are negative. The average long-run multipliers
for heavily traded firms are all positive and close to 1.0, while those
for lightly traded firms are also all positive, but only closely to 1.0
when computed using the monthly model.
It is of some interest to note the number of times the coefficient
3 is significant at the 5 percent significance level or better using
a one-tailed test. These numbers are shown in the table below. These
results imply that the long-run coefficient (3.-/(1-3.,)) might be a
better systematic risk measure than the traditional systematic risk
2
measure (3.„) for daily market model.
J 2
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Table 3. Short-Run Mulitpliers
Heavily Traded Firms
FIRM NAME Daily Weekly Monthly
Allied Chemical .056* -.083 .056
ALCOA .144* -.055 -.085
American Brands .052* -.036 -.003
American Can .013 -.023 .025
ATT -.004 .002 .0004
Bethlehem Steel .045 .050 .048
DuPont -.130* .018 .068
Eastman Kodak -.210* .030 .193*
Exxon .595 -.067* -.048
General Electric -.024 .003 -.071
General Foods .064* -.010 -.154
General Motors -.007 -.046 -.076
Goodyear .036 -.062 -.078
INCO, Ltd. .081* -.018 .160
International Harvester .115* .051 .083
International Paper .087* .015 .069
Merk -.013 -.045 -.021
3M .069* -.049 -.120
Owens Illinois .016 -.085* .072
Proctor and Gamble .042* -.044 -.000
Sears .001 -.104* -.092
Standard Oil, Calif. .068* -.077 -.300
Texaco -.077* -.081* -.061
Union Carbide .051* -.071* .106
U.S. Steel .010 -.023 .079
Westinghouse .0004 .021 -.031
Woolworth .023 -.107 .083
*Denotes 8., significant at the 5 percent significance level or better
using a one-tailed test.
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Table 4. Long-Run Mulitpliers
Heavily Traded Firms
FIRM NAME Daily Weekly Monthly
Allied Chemical 1.311* 1.187 1.342
ALCOA 1.251* 1.118 .968
American Brands .663* .592 .680
American Can .497 .544 .549
ATT .510 .496 .408
Bethlehem Steel 1.286 1.166 1.132
DuPont 1.153* 1.202 1.093
Eastman Kodak 1.216* 1.204 1.197*
Exxon 1.582 .774* .684
General Electric 1.119 1.076 1.051
General Foods .706* .593 1.051
General Motors 1.070 .819 .927
Goodyear .840 .789 .816
INCO, Ltd. 1.174* 1.069 1.053
International Harvester 1.137* 1.132 1.379
International Paper 1.265* 1.282 1.305
Merk 1.034 .995 .689
3M 1.171* 1.051 .966
Owens Illinois .935 .752* .960
Proctor and Gamble .795* .755 .711
Sears 1.072 .773* .763
Standard Oil, Calif. 1.253* 1.087 .518
Texaco .992* .823* .684
Union Carbide 1.212* .948* 1.131
U.S. Steel 1.214 .952 .903
Westinghouse 1.467 1.262 1.454
Woolworth 1.083 .940 1.240
*Denotes 3 significant at the 5 percent significance level or better
using a one-tailed test.
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Table 5. Short-Run Multipliers
Lightly Traded Firms
FIRM NAME Daily Weekly Monthly
Aro Corp. .049*
Barton's Candy Corp. .079
Bethlehem Corp. -.070*
Breeze Corps. Inc. .072*
Carriers & General Corp. -.063*
Community Public Serv. -.020*
Continental Materials -.130*
Equifax Inc. .006
Fidelity Union Bancorp. -.002
First Conn. Small
Business Investment -.060*
First Nat. State Bncorp. -.018*
GATX Corp. .099*
Great Northern Iron Ore .055*
Hastings Mfg. Co. -.035*
Holiday Inns (STK SPLIT A) -.043
Indiana Gas .031*
Jaclyn Inc. -.055*
LTV Corp. AA -.113*
Lundy Electronics
and Systems -.007
O'Okiep Copper Ltd. .034*
Pacific Tin .059*
Shopwell Inc. .050*
South Jersey Ind. Inc. .003
Weis Markets Inc. .004
Winn Dixie -.022*
.086*
-.243*
-.086
-.066
-.033
.029
-.189*
.017
.013
-.007
-.012
.020
-.002
-.029
-.237*
-.065*
-.057*
.011
-.019
-.058
-.029
-.008
.039
.009
.002
,048
181
,293
,352
,095
,041
,186
,089
,004
,090
,024
,233
,084
,030
096
,050
,200*
,144
,094
166
,196
159
051
,024
,017
*Denotes significant at the 5 percent significance level or better
using a one-tailed test.
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Table 6. Long-Run Multipliers
Lightly Traded Firms
FIRM NAME Daily Weekly Monthly
Aro Corp.
Barton's Candy Corp.
Bethlehem Corp.
Breeze Corps. Inc.
Carriers & General Corp.
Community Public Serv.
Continental Materials
Equifax Inc.
Fidelity Union Bancorp.
First Conn. Small
Business Investment
First Nat. State Bncorp.
GATX Corp.
Great Northern Iron Ore
Hastings Mfg. Co.
Holiday Inns (STK SPLIT A)
Indiana Gas
Jaclyn Inc.
LTV Corp. AA
Lundy Electronics
and Systems
O'Okiep Copper Ltd.
Pacific Tin
Shopwell Inc.
South Jersey Ind. Inc.
Weis Markets Inc.
Winn Dixie
*Denotes $ significant at the 5 percent significance level or better
using a one-tailed test.
.485* .543* .868
1.676 1.538* 1.690
.573* 1.090 1.843
.825* 1.133 2.160
.352* .499 .518
.148* .321 .289
1.178* 1.614* 2.782
.225 .418 .637
.222 .300 .571
.717* .060 .587
.260* .352 .655
1.210* 1.059 1.505
.286* .278 .285
-.229* .500 .618
1.653 1.268* 1.876
.224* .362* .612
.350* .381* .625*
1.301* 1.575 2.210
.528 .660 .931
.553* .641 1.248
.238* .398 1.308
.470* .658 1.160
.309 .561 .733
.169 .286 .387
.270* .255 .613
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Firm Type Daily Weekly Monthly
Heavily Traded
Lightly Traded
14
18
5
6
2
1
D. Temporal Time Aggregation and Randomness of Beta Statistics
Zellner and Montimarquette (1971) shows that temporal aggregation
problem can be regarded as misspecif ication problem. Hildreth and
Houck (1968) argued that random coefficient is essentially due to
misspecif ication. Hence, the interrelationship between temporal aggre-
gation and random coefficient can be used to determine the appropriate
horizon to be used to estimate beta coefficient. Following Fabizzi and
Francies (1978), Lee and Chen (1980) and Sunders (1980), the random
coefficient market model can be defined as
R. = a. + g. R + e. (5)
Jt j Jt mt jt
and the data for heavily traded and lightly traded firms, we consider
the problem of nonstationarity of market risk of common stocks.
Dropping the j subscript for convenience, the model in equation (5) can
be rewritten as
R=ct+8R+u (6)
t mt t
u^ = (8 - g)R + E (7)
t t mt t
2 2 2
The conditional variance of u is Var(u R ) = a + a_R . Let u be
t t ' mt e mt t
the estimate of u obtained from the OLS regression R on R shown in
t
&
t mt
(6). Then
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Var(u
t
) = A
lt
a
2
£
+ A^ojj (8)
i <K+ -T )2
2 (R
.
- R )
,_, mi m
n
2
. 2(R. - R ) 2 * Rmi
A
2t "
R
mt
(1 "¥"— r} + 2~
Z (R
.
- R )
2
. . mi mi=l
(R - R )
2
n _ - 2(R . - R )
+ Sit
m ER2 -(R _. ¥) 2 +
n _
9
. . mi mi m n
( S (R . - R rr X L n S (R . - R ) Z
. , mi m . . mi m1=1 1=1
n
2 -
Z R .(R . - R ). (10)
.
. mi mi m1=1
Since E(u ) = 0, and E(u ) = Var(u ), we can write
u = Var(u ) + w (11)
where E(w ) = 0. Substituting (11) into (8) gives the result
\ " °eAU + °3A2t + V (12)
Following Theil and Mennes (1959) equation (12) has the form of a
* 2linear model, and the OLS regression u on A. L and A0i_, which are' &
t It 2t'
functions of observable variables R and R (t = l,2,...,n), yields
t mt
2 2
unbiased though inefficient estimates of the coefficients a and a .
C p
Model (12) is estimated for all firms over the sample period
January 3, 1977 to December 31, 1980 using daily, weekly and monthly
-13-
2 2
data. Estimates of o and a are shown for heavily traded and lightly
£ p
traded firms in Table 7 and Table 8, respectively. The t-ratios are
shown in parentheses. As interest is in testing for random coef-
2
ficients and, therefore, in the estimates of a , the results of tests
p
of significance are summarized in Table 9. On the basis of information
given in Table 9, there is no apparent difference in terms of frequency
of significance between heavily traded and lightly traded firms at any
of the levels of aggregation. However, if the degree of randomness in
terms of random coefficient parameter is used as a criteria, then both
monthly and weekly market models are more suitable than the daily
market model in estimating the systematic risk. This argument is due
to the fact that the traditional daily market model is a raisspecif ied
model as shown in the previous section.
Results of sections C and D have either directly or indirectly sup-
ported Zellner and Montimarquette ' s (1971) findings related to the
existence of temporal aggregation problems for linear regression analy-
ses.
E. Summary
In this study both heavily traded and lightly traded firms are used
to investigate the impacts of temporal aggregation for the existence of
dynamic market model and magnitude of beta estimates. It was found that
there exist some impacts of temporal aggregation on the specification of
market model and beta estimates. Both dynamic model and random coef-
ficient market models can be used to determine the appropriate horizon
for specifying the market model and estimating beta coefficients in
capital asset pricing.
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Table 9. Frequency of Significance of Estimated Values of a"
Heavily Traded Firms*
HEAVILY TRADED FIRMS
AGGREGATION LEVEL FREQUENCY OF SIGNIFICANCE
Daily
Weekly
Monthly
12
5
6
LIGHTLY TRADED FIRMS
AGGREGATION LEVEL FREQUENCY OF SIGNIFICANCE
Daily
Weekly
Monthly
13
5
4
*The hypothesis test is computed using a one-tailed alternative. The
table records frequency of coefficients significant at the 5 percent
significance level or better.
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Footnotes
The long-run multiplier generally can be used to measure the
permanent response of a dynamic regression relationship; the short-run
multiplier is used to measure the transitory response of dynamic regres-
sion relationship.
2
"The lagged dependent variable (R.
-,) is generally important in
the daily market model, therefore, the traditional systematic risk esti-
mate (3. ? ) is not appropriate in measuring the systematic risk.
-18-
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